
Leptospirosis in Canada. III. A Study of
the Importance of the Disease in Cattle
as Shown in Combined Serological, Clin-
ical and Bacteriological Investigations.

Paul Boulanger, Douglas Mitchell, A. N. Smith and
Christine E. Rice'

A PRELIMINARY serological sur-
vey, made in 1954, indicated that lep-
tospiral infection was or had been pres-
ent in many herds of cattle in Ontario
and Quebec (1). A complement-fixation
technique with a commercially-prepared
Leptospira pomona antigen was utilized
in this first survey while in subsequent
survey made in 1956 the haemagglutina-
tion-lysis test was applied (2). This sec-
ond serological survey detected 218 re-
actors among a total of 2695 cattle
tested, these reactors being distributed
throughout 68 of the 113 herds repre-
sented. However, among the 218 re-
actors, only 36 animals, from 21 herds,
had agglutination-lysis titres of 1:1000
or higher, titres which are considered
to be suggestive of presently-active or
of fairly recent infection.

This percentage, 8.1 per cent, of sero-
logically reactive animals and the pro-
portion of herds involved, would sug-
gest a fairly wide distribution of lep-
tospirosis in these provinces, higher
than would have been anticipated on the
basis of clinical reports alone.

In weighing the importance of such
serological reactions it was fully real-
ized, however, that a considerable per-
centage of leptospiral infections are sub-
clinical. An evaluation of the true eco-
nomic loss attributable to such a clin-
ically variable infection as leptospirosis
cannot accordingly be based on serolog-

lAnimal Pathology, Health of Animals Division, Can-
ada Department of Agriculture, Animal Diseases Research
Institute, Hull, P.Q.

ical findings alone but must take into
consideration the relation of these to
the incidence and severity of any clin-
ical manifestations in the same cattle
population.
When the veterinarian is dealing with

a disease characterized by abortion or
other reproductive difficulties, he may
be inclined to think in terms of brucel-
losis. Leptospirosis, Ihowever, differs
from brucellosis in many respects par-
ticularly in relation to the imp-ortance
of the serological reactor in disseminat-
ing the disease throughout the herd. In
brucellosis the reactors are thought of
as carrier animals which sooner or later
will infect other animals through con-
tact. The importance of the carrier state
in leptospirosis is ill-defined and prob-
lematical for as yet there is no serolog-
ical test to distinguish a carrier animal
from one which is convalescent or cured.
In other words, an animal with anti-
bodies in its serum, particularly if these
are of titres up to 1:1000, may be a re-
covered subject which is no longer shed-
ding leptospirae in the urine and is no
longer a potential source of infection in
the herd. The possibility should not be
overlooked, however, that in a very few
apparently-recovered animals the per-
sistence of leptospiral antibodies may
indicate the presence of a latent focus
of infection with L. pomona, and that
such animals might occasionally shed
these organisms in the urine. Such cases
are thought to be rare, but further in-
vestigations of the carrier state in lep-
tospirosis are needed.
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The present report deals with epizoo-
tiological studies of 20 local herds with
reproductive and other problems, special
attention being given to the diagnosis,
symptomatology, morbidity and mortal-
ity associated with leptospirosis. This
investigation was begun in the fall of
1956 and material presented includes
that collected up to the early summer of
1957.

METHODS

Selection of Herds

Contact with suitable problem herds
was made through extension workers
and veterinary practitioners. In such
herds preliminary tests were made for
brucellosis and vibriosis as well as for
leptospirosis. In all herds where lep-
tospiral reactors were detected a com-
plete clinical history was obtained from
the veterinarian or from the herd own-
er. This was supplemented by our own
personal observations. A record was
kept on each individual animal, of the
sanitary condition of the farm and of
possible contact of the cattle with other
species of animals. When possible, visits
were made to these leptospirosis problem
herds during or soon after the acute
stage of the infection. The more severe-
ly infected herds were then visited at
monthly intervals thereafter.
The difficulties encountered in the

leptospirosis negative herds were studied
further and the results will be the
subject of a separate report.

Collection of Blood Samples
In individual herds, the first blood

samples were taken only from animals
with clinical signs suggestive of lepto-
spiral infection. When reactions were
obtained, all cattle in the herd were
bled. In some instances other species of
animals which might be implicated in
the spread of infection on the farm,
were also bled. Herds with both clinical
and serological evidence of infection
were bled at monthly intervals there-
after. A few herds with serological but
no clinical manifestations of lepto-

spirosis were bled at intervals of two
or three months.
Serological Methods
The agglutination-lysis test (3) using

viable cultures of leptospira grown in
Korthof's medium (4) was employed
throughout the study. The following
serotypes of leptospira were included in
tests on most of the herds: Leptospira
pomona and L. canicola strains obtained
from Dr. R. J. Avery of our Branch
Laboratory, Pacific Area; L. bovis, re-
ceived from the late Dr. T. Moore of
this Institute; L. icterohemorrhagiae,
L. sejroe and L. grippotyphosa furnished
by the Walter Reed Army Medical Cen-
tre, Division of Veterinary Medicine,
Washington, D.C.
A screening test was first run on

all sera using 0.1 ml. of a 1:100 serum
dilution plus 0.1 ml. of antigen con-
sisting of a 7 to 14 day-old motile cul-
ture of leptospira. When a reaction was
obtained in this dilution, the test was

repeated using two-fold dilutions from
1:100 to 1:800 inclusive, and then ten-
fold dilutions from 1:1000 to 1:1,000,-
000 inclusive. The tests were incubated
for four hours at 370C and the reac-
tions evaluated as described in our
previous paper (2).

Parallel complement-fixation tests
were made on all sera using sonic vi-
brated suspensions of L. pomona and L.
sefjroe as antigens (5). The sera were
tested in serial dilutions from 1:5 to
1:100. Three 50 per cent haemolytic
units of complement were used. All re-
agents of the test were added in 0.1
ml. amounts. The period of preliminary
incubation was 18 hours at approxi-
mately 90C., that of secondary incuba-
tion after the addition of the sensitized
sheep red cells, was 30 min. at 370C.
The serum titre was recorded as the
highest dilution with which 50 per cent
haemolysis was obtained in the presence
of antigen.
A series of tube and plate agglutina-

tion tests were made with killed L. po-
mona and L. sejroe antigens. The re-

sults with these will be presented in
a later paper.

V.l. XXII N. 4
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Cultural Methods

Specimens of urine, milk or tissue
which are to be examined for the pres-
ence of leptospira are usually heavily
contaminated with miscellaneous bac-
teria which grow copiously in leptospira
media and check the growth of the lep-
tospira. Such contaminants can be
screened by guinea-pig inoculation, the
method adopted throughout this study.
Young guinea-pigs (200 to 300 grams)
were tagged, their temperatures taken
and brought to the farm where 1 to 2
ml. volumes of fresh milk, blood or urine
were inoculated intraperitoneally. Tem-
peratures were taken daily for 12 days
thereafter. If a rise of temperature was
recorded at three to eight days, the ani-
mals were bled aseptically by heart-punc-
ture and six to eight drops of blood
inoculated directly into a tube of Kor-
thof's medium. The cultures were exam-
ined after four days incubation at 300C,
then at weekly intervals for four weeks.
At the end of this period if the cultures
were negative, the guinea-pigs were bled
and their sera tested for presence of
antibodies by both agglutination-lysis
and complement-fixation methods.

RESULTS
The 20 herds with reproductive and

other difficulties that were studied dur-
ing the course of this investigation,
have been divided into leptospirosis posi-
tive, questionable, and negative. The
serological and bacteriological findings
in all leptospirosis-infected herds are
considered here in relation to the clin-
ical observations, but a full clinical
study of each herd will be deferred to
a later paper.

1. Positive Herds
A total of six herds in which lepto-

spirosis was recognised clinically, sero-
logically and in one case bacteriological-
ly were studied. In these herds, 223 in-
dividual animals were tested and a total
of 682 tests performed at various in-
tervals. Since the disease took a dif-
ferent course in most of these herds,
each herd will be described individually.

HERD No. 3.

This herd of 47 cattle was main-
tained on a 175 acre farm through which
flow two rivers to which cattle have
access. The herd consists of one bull, 25
cows, 10 heifers, 5 steers, and 8 calves.
All breeding has been done naturally.
The young bull, No. 1, has been used on
only three or four cows since July 1956.
The rest of the cows have been bred to
a shorthorn bull No. 51 belonging to a
brother of the herd owner.

This farm experienced a brucella
"storm" eight years ago and all cattle
were then disposed of and replaced by
new stock. Since that time all calves
have been vaccinated with Brucella
abortus strain 19. All adult cattle are
now negative in brucellosis tests but
two horses, Nos. 48 and 49, the latter
having a previous history of fistulous
withers, are positive. Both horses were
on the farm at the time of the brucella
outbreak.

In summer of 1954 a cow calved and
three weeks later died suddenly about
12 hours after she was first noticed to
be ill. No further trouble was noted
until Oct. 28, 1956, when cow No. 18
showed a drop in milk, increased respir-
ation and haemoglobinuria. Her temper-
ature was 103OF when taken by the
local practitioner the following day. The
haemoglobinuria persisted for 6 days
and the milk remained yellow and thick
for a few days, after which it returned
to normal. This cow was not in calf at
the time of this episode, and has since
been bred once. The results of the first
complete herd test for leptospirosis made
on Nov. 14, 1956, are given in Table I.
It will be noted that the serum of cow
No. 18 had an agglutination-lysis titre
of 1:10,000 and a complement-fixation
titre of 1:100.
A second cow, No. 2, aborted a 5-

month foetus on Nov. 9, 1956, while out
on pasture. The foetus was not found,
but the placenta which was manually
removed by the local veterinary practi-
tioner, had the suggestive thickened
avascular appearance described in lep-
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tospirosis. The cow herself had shown
no clinical symptoms but rectal examin-
ation revealed a marked pyometritis. On
Nov. 14, the serological titres were
1:100,000 (a.l.,) and 1:20 (c.f.) and
rose to 1:1,000,000 (a.l.,) and 1:100
(c.f.) during the next month. No. 2 was
bred naturally on February 5, 1957,
and is in calf.
A third animal, No. 5, aborted an 8-

month foetus on Nov. 27, 1956. The
serum titres of this animal were 1:10,-
000 (a.l.,) and 1:50 (c.f.,) one month
before abortion occurred, then rose to
1:100,000 (a.l.,) and 1:100 (c.f.,) dur-
ing the following month. No. 5 was
bred artificially Feb. 2, 1957, and is in
calf.
A fourth animal, No. 15, was found

to be carrying a mummified foetus diag-
nosed by rectal examination on April
5 and confirmed at post-mortem on May
3, 1957.

Thirteen other adult cows showed
serological titres above 1:1000 some as
high as 1:1,000,000. They were for the
most part in the fifth or sixth month
of pregnancy at the time of our first
visit, with the exception of one animal
which was at the ninth month gesta-
tion. None of these cows aborted or
showed other clinical evidence of lepto-
spiral infection. This illustrates the
frequency with which subclinical infec-
tion may occur in a leptospirosis out-
break, a point which, as mentioned
earlier, should be, remembered when in-
terpreting the results of serological
tests. Sterility was observed in five
cows, Nos. 9, 12, 17, 18, 19, that showed
a serological reaction. Otherwise this
herd appeared entirely normal.

(See Table I)
Isolation of the causative agent by

guinea pig inoculation of milk and
urine was attempted on Nov. 26, 1956,
Jan. 8, April 26 and May 3, 1957.
The results were as follows:

Nov. 26 Urine and milk from Nos. 2,
3, 5, 8, 12 and 18. Blood from Nos.
18 and her calf No. 27.

Culture L. pomona obtained from guinea

pig inoculated with urine from No. 18.
Sera of the guinea pigs inoculated with
urine of No. 8 and 18 reacted in both
agglutination-lysis and complement-
fixation tests. Others negative.
Jan. 8 Urine from cows Nos. 2, 5, 9,

and 18.
Guinea pig inoculated with urine from
No. 9 developed a serological reaction.
Others negative.
Jan. 11 Urine from cows Nos. 3, 8,

11, 12, 14, 15, 19 and 20, calf No.
27, mare No. 48.

All guinea pigs negative.
April 26 Urine from Nos. 2, 5, 9, 11,

15 and 18.
All guinea pigs negative.
May 3 Kidney and uterine exudate

from Nos. 11 and 15.
All guinea pigs negative.

Histological examination of kidney
specimens taken from these last two
cattle, however, revealed a chronic
glomerulonephritis, periglomerular and
interstitial lymphocytic infiltration and
fibrotic thickening of the arterial walls.
The collecting tubules contained hyaline
casts.

It seems noteworthy that serum from
mare No. 48 produced agglutination-
lysis of L. pomona at a dilution 1:1,000,-
000 and complement-fixation at 1:100,
although no clinical manifestation of
leptospirosis was observed, nor did
guinea pigs inoculated with urine de-
velop leptospiral antibodies.

Table II gives results of serological
tests on the sera of eight calves that re-
acted when tested shortly after birth.
The low grade and transient serolog-
ical reactions observed were interpreted
as due to the passive transmission of
antibodies through colostrum or milk,
since two calves, Nos. 54 and 58 bled
before suckling, showed no antibodies.

(See Table II)
HERD No. 5

This herd consisted of 1 bull, 16 cows,
5 heifers, 9 calves and 1 steer. Little
buying and selling of animals has been
done, the last purchase being one year
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earlier. All cattle had been vaccinated
with Br. abortus strain 19 and all adult
animals, except cow No. 10, were nega-
tive to brucellosis tests. The breeding
has been natural, the bull being pas-
tured with cows in spring and summer.
This explains the lack of breeding rec-
ords.
Cow No. 6 was thought to have

aborted in September 1956. At that
time it was febrile, inappetant, showed
changes in milk and haemoglobinuria;
the milk became normal in appearance
within two days and the urine after
five or six days. The level of lactation
which had been markedly reduced also
returned gradually to normal. A blood
sample from this animal collected on our
first visit No. 19, had an agglutination-
lysis titre of 1:1,000,000 and a com-
plement-fixation titre of 1:50. The re-
sults of the serological test on all ani-
mals reacting in subsequent herd tests
are given in Table III. Six animals re-
acted in various degree to L. pomono
and two, Nos. 10 and 11 to L. sejroe in
titres up to 10,000. Nevertheless, no sub-
sequent clinical symptoms have been re-
ported in this herd. On Jan. 15, 1957,
attempts to isolate the organisms by
inoculation of guinea-pigs with urine
from cows Nos. 6 and 11 and calf No.
23 proved negative.

This herd No. 5 is an example of one
in which the infection has not appar-
ently spread but has remained localised
in one or a few animals.

(See Table III)
HERD No. 7.

This herd was located on a level,
well-drained, 100-acre farm crossed by
a river to which the cattle have ac-
cess. It was composed of 1 bull, 31 cows,
3 heifers, 3 calves; 2 horses, 1 sow and
1 dog were also on the premises. A new
bull has been bought each year but no
females have been bought for three or
four years. Breeding has been natural,
the bull being pastured with the cows
during summer with intention of hav-
ing all females calve in spring. All cat-
tle have been vaccinated with Br. abor-

tus strain 19 although the herd was not
listed. No abnormalities were reported
by the owner apart from occasional re-
tained placenta and a single abortion
four or five years ago.

In Sept. 1956, one cow, No. 26, showed
symptoms suggestive of leptospirosis.
Changes in milk were first noticed and
later haemoglobinuria. Two days after
treatment with antibiotics by the veter-
inary practitioner, the milk reverted to
normal and the urine became clear in
four or five days. A blood sample taken
Nov. 16, 1956 had a L. pomona agglutina-
tion titre of 1YO. Two other ani-
mals in the herd gave significant sero-
logical reactions but no other clinical
manifestations of the disease were ob-
served thereafter (Table IV). Two
horses, Nos. 39, 40, also showed traces
of reactivity in agglutination-lysis tests.
Attempts to isolate the organism from

the urine of cow No. 26 by guinea-pig
inoculation on Jan. 15, 1957, gave nega-
tive results as might be anticipated
from the interval that had elapsed since
the appearance of symptoms.

(See Table IV)
HERD No. 10.

This herd was located on a 150 acre
farm with no bush or creek. It was com-
posed of 25 cows, 5 heifers and 3
calves. Breeding was done by artificial
insemination except for a number of
heifers bred naturally at pasture. The
herd was almost self-contained, the only
recent acquisition being one cow, No.
30, bought last spring. The cattle have
been brucellosis-listed for 13 years.

In 1954, considerable breeding diffi-
culty had been experienced but no abor-
tion was noticed. Apart from two cows,
Nos. 4 and 17, which had to be bred
several times, no further trouble was
reported until late in 1956 when two
abortions occurred. The first cow, No.
10, aborted on Dec. 10 at eight months
gestation. The placenta was retained
and removed manually. The calf was
alive but so small and weak, that it was
destroyed. A blood sample taken Dec.
17 was negative both for leptospirosis
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and brucellosis. On Dec. 15, a second
cow, No. 11, aborted at six months ges-
tation. A blood sample collected Dec. 17
had an agglutination-lysis titre of
1:1,000 and a complement-fixation titre
of 1:40 with L. pomona antigens. There-
fore, only one of the two abortions could
seemingly be attributed to leptospirosis,
the cause of the other, was not ascer-
tained.

Every animal in the herd was blood
tested for leptospirosis on Jan. 10, Feb.
28 and May 10, 1957. With the excep-
tion of cow No. 11 they were negative
at all tests. The blood titres of this
cow, which were 1:1,000 (a.l.) and 1:50
(c.f.,) on Dec. 17, 1956, had risen to
1:1,000,000 (a.l.,) and 1:100 (c.f.,) by
Jan. 10, 1957, but had fallen to 1:800
and 1:400 (a.l.,) by Feb. 28 and May
10 respectively.
Guinea pigs were inoculated with

urine from cow No. 11 on Jan. 15,
1957, but the causal organism was not
isolated and the inoculated guinea-pigs
did not react serologically.

In herd No. 10 as in Nos. 5 and 7,
the clinical infection apparently re-
mained localized in one single animal
despite the absence of any alteration
in the routine management of the herd.
HERD No. 12.

This herd was located on a 175-acre
farm crossed by a river to which cat-
tle have access. Drinking water was
also available from a creek and an old
quarry containing water all year round.
There were 16 cows, 2 heifers, 17 calves,
5 steers and 3 horses on the premises.
The farm was also infested with rats.
Beef calves have been bought each year,
but only cows Nos. 9 and 34 have been
purchased recently. Some of the cows
had been bred by artificial insemina-
tion, others by a neighbour's bull. All
animals had been vaccinated with Br.
abortus strain 19.

In 1955, three cows had presented
difficulty in natural breeding, but all
three became pregnant to first service
after changing to artificial insemina-
tion. In 1956, the only difficult breed-

er was No. 11 that had a retained
placenta after calving in August.

In the fall of 1956 a 5-year old cow,
which had calved in June began to show
a drop in lactation and progressive
weakness. A few days afterwards,
changes were apparent in milk and the
presence of blood was seen in both milk
and urine. The animal died a week after
the onset of symptoms, about two or
three days after blood appeared in
urine. This was one of the three cows
in which breeding difficulty had been
found in 1955. Her 1956 calf never
throve and died a few days after birth.
Another cow, No. 4, aborted a 2-month
foetus in November 1956.
The herd was bled and tested on Jan.

28 and March 14, 1957. The results are
given in Table V. Only five cattle and
a horse showed L. pomona reactions.
Cow No. 4 which aborted was among
the reactors. Guinea-pig inoculation of
the urine of cows Nos. 4 and 9 were
made Feb. 9, but the causal organism
was not isolated.

(See Table V)
HERD No. 15.
The hygiene and management of this

farm left much to be desired. The herd
was composed of 20 scrub beef animals:
2 bulls, 10 cows, 2 heifers and 6 calves.
One cow died in Dec. 1956, six days
after the onset of acute symptoms re-
sembling leptospirosis, severe diarrhea,
icterus, haemoglobinuria, sudden drop
in milk yield, fever and inappetance.
The veterinary practitioner reported
that postmortem examination revealed
marked icterus, anemia and widespread
haemorrhage. All other cows were in
good health and there had been no breed-
ing problems.
The entire herd of 20 cattle along

with two horses were bled March 21,
1957. All adult cattle and a few of
the young animals were found to re-
act in the agglutination-lysis tests with
L. sejroe antigen with titres up 1:1000
(Table VI). The only L. pomona reac-
tion obtained was given by one of the
two horses, No. 22, which was in poor



Canadian Journal of
Comparative Medicine Leptospirosis in Canada Vol. XXII, No. 4 [1391April, 1958 LLJ

condition and showed oedema of the
ventral abdominal wall.

(See Table VI)
IL1 Questionable Herds

In this group are included a total of
113 cattle from four herds in which a
few cattle showed leptospiral serolog-
ical reactions of varying degree. The
herds were classified as "questionable"
because, (a) the serological titres were
of a low order, or (b) the animals with
high titres in the particular herd did
not or had not shown reproductive or
other manifestations associated with
leptospirosis. In two of the four herds
there were concurrent brucella reac-
tions; in another herd there was serolog-
ical evidence of brucellosis and vibriosis
as well as leptospirosis. In the remain-
ing herd, a poor breeder accounted for
part of the reproductive difficulties.

Studies of such questionable herds
re-emphasizes the complexity of our re-
productive problems in cattle, and il-
lustrates the dangers inherent in a
hasty diagnosis based on a few super-
ficial clinical or laboratory examina-
tions. Therefrom it might be concluded
that a particular infectious agent was
the cause of all of the difficulties ob-
served, whereas their real basis could
be ascertained only through a more de-
tailed study not only of the common
infectious conditions but also of nutri-
tional, physiological, and possibly gene-
tic factors. A brief summary of the
picture in these four herds is given
below.

HERD No. 4.
This was a self-contained herd of 34

cattle, 1 bull, 16 cows, 9 heifers and 8
calves, which had experienced a breed-
ing problem for the past five years,
manifested as prolonged oestral periods
of up to 3 months and repeated breed-
ings. Thirteen females and the present
bull are descendants from one cow. Six
other female descendants have been sold
for beef because of breeding difficul-
ties. The bull presently being used had
never impregnated a cow and examina-

tion of his semen showed only a few
degenerated spermatozoa. The 16 non-
pregnant females, that showed breed-
ing difficulties had been bred as fol-
lows:

Nos. 4, 5, 8, 11, 12, 13, 14, 23 bred re-
peatedly to herd bull

Nos. 1, 6, 16 bred repeatedly to herd
bull then once A.I.

Nos. 2, 3, 15 bred repeatedly to herd
bull then twice A.I.

No. 21 bred repeatedly to herd bull then
three times A.I.

No. 22 bred repeatedly to herd bull then
five times A.I.

Sixteen adult cattle, the bull and
three calves were bled and tested for
leptospirosis and brucellosis. All were
brucellosis negative. Sera of cows Nos.
3, 6 and 16 showed agglutination-lysis
reactions with L. pomona antigen in
dilutions ranging from 1:10 to 1:400.
From reactions of such low order, it
would not seem justifiable to conclude
that the breeding difficulties in these
animals are attributable to leptospirosis.

Samples of cervical mucus taken from
the 16 females listed above were all
negative to the Vibrio foetus mucus ag-
glutination test.
Four of these cows were sold. Since

purchasing a new bull all but two of
the remainder have conceived.

HERD No. 9.
This self-contained herd had experi-

enced considerable breeding difficulty
in 1956. Only one abortion had been
noticed, which was in cow No. 8 at 40
to 50 days pregnancy. However, of 19
cows which have been bred, eight were
not in calf even after repeated breed-
ing. A new bull was normally used each
year, but in 1956 a three-year old ani-
mal had been kept for a second season,
no breeding difficulties having occurred
in 1955. This herd is not brucellosis
listed but all animals had been vaccin-
ated with Br. abortus strain 19 and were
found to be negative in agglutination
tests.
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Twenty-one cattle were bled and test-
ed for leptospirosis. Five cows reacted
with L. pomona antigen in titres of
1:400, 1:10,000, 1:200, 1:100 and 1:100
respectively. Two of these animals, Nos.
3 and 9, and one additional cow reacted
to L. sejroe in titres of 1:400, 1:400
and 1:200 respectively. Except for one
cow, L. pomona a.l. titre 1:100, none of
these reactions were in animals that had
experienced abortion or repeated breed-
ings.
Vaginal mucus from six females was

tested for the presence of V. foetus ag-
glutinins but all samples were negative.

HERD No. 16.

The present owner bought this farm
two years ago and has purchased pedi-
gree stock from various sources in build-
ing up a Shorthorn herd. All breeding
has been natural. The herd is made up
of 31 cows, 21 calves and 3 bulls. Dur-
ing the past 18 months there has been
marked incidence of repeated breedings
among cows of all ages although con-
ception has usually occurred eventually.
Repeat breeding and infertility were
reported in five cows. One cow gave
birth to a full term dead calf. Another
aborted at seventh months gestation.
When the 55 animals were bled, three

cows, and the bull showed a L. sejroe
reaction in a titre of 1:1,000, and four-
teen cows reacted to the same antigen
in titres varying from 1:100 to 1:800.
None of these leptospira serological re-
actions were given by the animals with
the reproductive difficulties mentioned
above.

Positive Brucella abortus agglutina-
tion reactions were given by four cows;
two others gave a questionable reac-
tion to same antigen. Brucellosis vac-
cination had been practised in this herd,
but in view of the fact that these ani-
mals were all adults, would be official-
ly regarded as infected since it is im-
possible to differentiate between a
serological reaction due to vaccination
or infection. Of 13 animals tested for
vibriosis, two gave positive mucus ag-

glutination tests for Vibrio foetuqs, a

third showed a suspicious reaction to
the same test. No. 21 which aborted,
gave positive tests for brucellosis and
vibriosis as well as a leptospiral reac-
tion, which made it difficult to deter-
mine which infective agent was re-
sponsible for the difficulties reported.

HERD No. 20.

In this herd of one bull, 17 cows, 2
heifers, 1 steer and 7 calves, cattle are
bought and sold frequently. Three
years ago a cow was bought which
aborted a live calf after 7 months gesta-
tion. The cow was sold but her calf was
raised. Four more cows aborted in 1956
and six in 1957. Nine of the cows in
the herd when tested gave positive ag-

glutination test for brucellosis and two
gave questionable reactions. Nine of
these brucellosis reactors had aborted.
Calfhood vaccination had not been prac-
ticed in this herd.

In the serological test for leptospir-
osis, one cow had an a.l. titre of 1:10,-
000. This animal had not aborted.
Among nine others which had low a.l.
titres for L. poimona, eight had aborted.
It seems obvious that the recent diffi-
culties which had been experienced in
this herd were due to brucellosis rather
than leptospirosis since the one relative-
ly high serological reaction with L. po-
mona was given by a cow that had
shown no clinical symptoms.

11l. Negative Herds

A total of 18 abortions were encount-
ered in these 10 herds and in only one
or possibly two herds, Nos. 13 and 14,
could the abortion be attributed to bru-
cellosis. In herd No. 13, three cows
aborted but since only one showed a
positive agglutination reaction for bru-
cellosis, it is doubtful whether brucel-
losis was the only cause of abortion in
this herd. All blood samples collected
from 345 individual animals in these
ten herds, including one goat and eight
horses, were negative when tested by
the agglutination-lysis and complement-
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TABLE VII

Reproductive difficulties of cattle in 10 leptospirosis-negative herds.

Number of cat-
Reproduction Difficulty tle in herd Number Brucellosis

Herd of samples Results
Number Abortion Repeated tested**

Infertility breeding* Young Adult
No. Time

1 3 5m. 13 21 19
2 2 4m. - 6 18 39 57

1 6m.

6 1 4m. 13 21 32
8 1 9m. 3 4 15 20 35

1 5m.
11 1 5m. 20 26 46
13 1 Sm. - - 12 16 28 Pos. (1)

1 6m.
1 7m.

14 1 7m. - 3 35 42 42 Pos. (8)
Ques. (3)

17 & 18 2 5m. 4 4 23 50 32 Ques. (2)
21 1 4m. 2 3 17 47 46

*Repeated breeding four breedings without conception.
**1 goat and 2 horses also tested in herd 2, and 2 horses in each of herds Nos. 8, 11, and 13.

fixation methods with the six lepto-
spiral antigens listed above.

In brief, therefore, 16 abortions, nine
cases of infertility and 20 of repeated
unsuccessful breeding were encountered
among 318 brucellosis and leptospirosis-
negative cattle. Evidently the breeding
problems in these herds were due to
causes other than these two infective
agents. Such findings clearly illustrate
the care which should be exercised not
to confuse such cases with leptospirosis
especially in animals that have experi-
enced leptospiral infection some years
prior to the observed abortion, and
might still have residual antibodies of
low agglutination-lysis titre (1:100 to
1 :1,000).

DISCUSSION
This survey demonstrates that lepto-

spirosis may play an important part in
the reproductive problems in certain

herds of cattle in Canada. However, if
the ten leptospirosis - an brucellosis-
negative herds with 18 abortions, nine
cases of sterility and 20 of repeated un-
successful breedings are considered, it
will be realized that attention should
be focused not only on brucellosis and
leptospirosis. This so-called "fashion-
able disease", leptospirosis, fails to ac-
count for a great part of the reproduc-
tive difficulties still remaining in herds
where brucellosis is not present.
The problem becomes more complex

in herds where the presence of mixed
infections such as vibriosis, brucellosis
or leptospirosis are detected by sero-
logical methods. In such herds, a posi-
tive leptospiral test in an individual
animal might be misinterpreted by the
veterinary practitioner if not consid-
ered in relation to clinical findings. To
minimise the possibility of confusion,
the laboratory in reporting its results on
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leptospirosis serological tests, should
indicate the type of test used and the
titre obtained. This enables the clinician
to evaluate the degree of reaction in re-
lation to his personal observations in
the individual animals and in the herd.
A definitely rising titre in successive
samples should constitute strong evi-
dence of active leptospiral infection. If
the titre remains unchanged there is
more likelihood that residual antibody
from a previous leptospiral infection is
responsible for the reaction.
A thorough knowledge of the symp-

tomatology of the disease is often suf-
ficient to lead the clinician to suspect
leptospirosis. The most striking sign of
leptospirosis observed in the present
study was undoubtedly that of abortion
preceded by an history of depression,
abnormal milk which became yellowish
or bloody and thick in appearance. This
was accompanied or followed shortly
afterwards by haemoglobinuria. How-
ever, abortion was not always preceded
by the general symptomatology that ac-
companies the acute infections, it often
occurred abruptly without any previous
manifestation in that individual animal.
If leptospirosis is at times dramatic in
its appearance, it can also be very in-
sidious. In our study, many of the ani-
mals with strong serological reactions,
titres of 1:10,000 to 1:1,000,000, never
showed any clinical symptoms of the
disease. This is well exemplified in herd
No. 3 in which one cow with a titre of
1:100,000 and which was shedding lep-
tospira in the urine, remained entirely
normal throughout the period of ob-
servation. In other serologically-reac-
tive animals of the same herd the only
observable abnormalities were repeated
breedings without conception.
Undoubtedly the period of pregnancy

and the state of general health in the
animals are important factors in deter-
mining the severity of an outbreak.
Most observers mention leptospirosis as
an infection where abortion takes place
in the late months of pregnancy. This
is certainly the most frequent occur-
rence, but in the herds reviewed here,

animals have aborted at the fifth and
even at the second month of gestation.
Other animals in the same herds and at
the same period of gestation did not
abort even though infected as revealed
by a high serologicacl reaction with L.
pomona and or by guinea-pig isolation
of leptospira from the urine. Further-
more, animals at the ninth month of
gestation, such as cow No. 21 in herd
No. 3, may not contract the infection
even though in contact with infected
animals.
The form of an epizootic of lepto-

spirosis may vary from herd to herd.
In certain herds such as No. 3 almost
every adult animal may contract the
infection whereas the young stock re-
main free. Yet, in other herds, such as
No. 10, only one animal may become
infected as shown by serological and
clinical methods. In this connection,
Stoenner (6) stated that during the
early phase of an epizootic, most infec-
tions are inapparent, that it is only in
later months or years that the dramatic
picture of severe leptospirosis becomes
apparent. This may be what happened
in herd No. 3, where in the summer of
1954 a cow died shortly after parturi-
tion, but it was not until October 1956
that a really dramatic outbreak of lep-
tospirosis was recognised in this herd.
If such a sequence of events was seen
in the majority of the herds with in-
fection limited at first to one or two
animals, then effective preventive and
control measures could be instituted at
this early phase of the herd infection.
Thereby the most destructive form of
the infection might be largely prevent-
ed.

In evaluations of the significance of
laboratory reports for leptospirosis,
there appears to have been in some in-
stances a tendency to attach too much
importance to the low-grade serological
reaction (6, 7). Where the possibility
of very early infections can be definite-
ly excluded, such reactions should be
interpreted as the presence of residual
antibodies in a recovered animal, one
that has experienced the infection many
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months or even years previously. In the
present study every animal that showed
clinical signs of acute infection had an
agglutination-lysis titre of at least
1:10,000 and a complement-fixation titre
of 1:50 or above. Conversely, however,
many animals with such titres suffered
only inapparent infection.
Among the diagnostic and serological

procedures both the agglutination-lysis
and complement-fixation tests are reli-
able. Their use is, however, not prac-
ticable in some smaller laboratories by
reason of technical difficulties in their
application. Such difficulties would be
reduced with the introduction of simple
plate and tube agglutination tests per-
formed with killed antigen. Our results
with such tests are encouraging and will
be published in a later paper.

SUMMARY
A total of 20 herds with reproductive

problems have been studied, in six of
which leptospirosis was shown to be the
etiological agent. In four other herds,
serological reactions with leptospiral
antigens were obtained but could not
be correlated with the difficulties en-
countered in the individual animals.
The course of the leptospiral infection

varied considerably from herd to herd.
In one herd the infection, as revealed
by serological, cultural and clinical
methods, spread to almost all of the
adult cattle, even to one horse. In other
herds it remained limited to one single
animal.

Serological reactions and cultural iso-
lation indicated that in most of these
infected herds the L. pomona serotype
was involved. However, reactions with
L. sejroe were obtained in a few of the
herds. ....

RESUME
Des problemes de reproduction ont

et6 etudies dans vingt troupeaux et Ta
leptospirose a et6 reconnue comme agent
etiologique dans six d'entre eux. Des
r6actions serologiques avec des anti-
genes leptospiriens ont ete obtenues dans
quatre autres troupeaux mais sans cor-

relation avec les difficultes rencontr6es
dans les cas individuels.
Le cours de l'infection leptospirienne

varie considerablement d'un troupeau
a l'autre. Dans un troupeau, l'infection,
tel que demontre par les methodes s6ro-
logiques culturales et cliniques, s'est
propagee a presque toutes les vaches
adultes, atteignant meme un cheval.
Dans d'autres troupeaux, le 'trouble
s'est limite "a un seul animal.

Les reactions serologiques et les isole-
ments culturaux indiquent que, dans
presques tous les troupeaux infectes, L.
pomona est le serotype incrimine. Ce-
pendant, des reactions avec L. sejroe
ont ete obtenues dans un petit nombre
de troupeaux.
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